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The Study of Adrenal Chromaffim of Fish, Carassius auratus (Toleostei)
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Abstract: In C. auratus the adrenal chramaffin tissue 1s situated around the posterior cardinal vemns, in the head
kidney. Chromaffin tissue consists of two types of cells containing secretory granules, adrenaline and nor
adrenaline cells. The cells produced catecholamine hormones. Adrenaline cell contains electron-lucent granules,
whereas nor adrenaline cells possesses electron-dense granules. Cholinergic fibers embedded in the head
kidney innervated the chromaffin cell. Two types of secretory structures, synaptic vesicles and secretory
granules are found within the presynaptic termimnal. Secretory granules discharge their contests, as neuropeptide
in non synaptic area of nerve terminal by exocytosis, whereas synaptic vesicles discharge their contents as
newrotransmitters at the synaptic thickening (active zone) in the presynaptic terminal by exocytosis.
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INTRODUCTION

There has so far been considerable attention in
studying on adrenal gland of fish. Most studies have
focused on the adrenal interregnal tissue. Little attention
has been pointed to mvestigation of functional
ultrastructure of the adrenal chromaffin of fish. In fish
interrenal and chromaffin tissues are separated from each
other and are scattered in kidney region, around the blood
vessels. The position tissues varies in different groups of
fishes. In lamprey (cyclostomata) the chromaffin cells
occur along side of the lateral walls of both anterior and
posterior cardinal veins near their umuon (Epple and Potter,
1985) and in dogfish chromaffin tissue forms two rows
located along the inner border of the kidneys and the
interrenal tissues are placed between them. Withes (1992)
reported that in elasmobranches, chromaffin and interrenal
components are entirely separated from each other and
the chromaffrin cells cluster along side the inner border of
kidney and the more posterior once are embedded in the
kidney. In teleosts as in other fishes adrenal glands are
represented by two distinct tissues interrenal and
chromaftin, which are situated in the kidney region, but
remain separated from each other. Two components are
homologous with the adrenal cortex and medulla
respectively in mammals. Most of chromaffin cells are
embedded in the wall of large veins. Also chromaffin cells
may be intermingle with the mterrenal tissue. The
morphology and distribution of the chromaftin cells have
been examined in many species in fishes (Young, 1993;
Scheuermann, 1993). The histochemical of adrenal gland
of several species of teleostei has been investigated by
some researchers. Gallo et af (1993) investigated the
cytology and biochemical of chromaffin cells m some

teleostel. Perry and Bermer (1999) reported that in teleosts
fishes, adrenalin and noradrenaline hormones are
synthesized and released by chromaffin cells lining
posterior cardinal vein. The neurotransmitters Pitwtary
Adenylys  Cyclase-  Activating Polypeptide and
Vasoactive  Intestinal  Polypeptide  are  potent
secretagogoues of adrenal catecholamine secretion in
mammals (Lamouche and Yamagochi, 2001) and in trout
fish (Montpetit and Perry, 2000). They reported that in
trout the mentioned neuwropeptide are released from the
preganglionic fibres innervating the chromaffin cells
under low-frequently nerve stimulation conditions. Some
investigation have been carried out on nerve terminal of
chromaffin cells of teleostei fishes by Imagawa et al.
(1996) holostean by Youson (1976) and dipnoan by
Scheuermann (1993). In Brycon cephalus, chromaffin cells
are found in small groups, closely associated with the
interrenal gland (Rocha et of., 2001). In C. auratus, the
chromaffin cells occurs around the posterior cardinal in
head kidney and are vascularized by small branches
of the dorsal. No ultrasttuctural studies have been
carried out on C. auratus, previously. In the present
investigation the fine structure of adrenal chromaffin of
C. quratus 13 reported.

MATERIALS AND METHODS

Specimens of C. auratus were killed by decapitation,
the most of visceral, except for head kidney and blood
vessels (including the posterior cardinal vein) were
removed from the body cavity. The body cavity was
infused with saline solution including 1% tannic acid, the
specimens were fixed with 2% paraformaldehyde and 2.5%
glutaraldehyde m 0.1 M cacodylate (pH 7.8) for 1 h. Then
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the head kidney was removed from the body cavity, then
was post-fixed in 1% Osmium tetroxide (0sO,) in 0.1
phosphate buffer (pH 7.4) for 1 h, washed in a solution
containing sodium cacodylate and distilled water for 1 h,
dehydration was carried out in a series of different
percentage of acetone solutions for 15 min. Then the
tissue were embedded in a fresh Epon resin. Thick section
were sliced at 1 um and thin sections sliced at 60 nm
thickness. Ultrathin sections were mounted on uncoated
copper grids. Sections were stained in aqueous
uranylacetate and lead citrate. Finally the thin sections
were viewed in a Joel transmission electron microscopy
operated at 60 KV. This study was carried out in 2004, in
Khoramabad, Iran.

RESULTS

The adrenal gland of Carassius auratus consists of
interrenal and chromaffin tissues. Interrenal and
chromaftin tissues are located along the posterior cardinal
vein. Chromaffin tissue is placed around the posterior
cardinal vein in the anterior kidney (head kidney). Some
parts of tissue closely associated with interrenal tissue.
The fine structural of analysis of the chromaffin tissue
reveals that the tissue consists of adrenaline and nor
adrenaline cells (Fig. 1). The chromaffin cells are
polygonal in shape, they are distinguished by presence of
granules, which occupies the whole cytoplasm of cells
(Fig. 1). Chromaffin cells are organized into cords and
surrounded by nerves. Each cell is surrounded by an
obvious plasma membrane, which separates the cell from
adjacent cells (Fig. 2). Chromaffin cell contains distinct
nucleus, which is relatively large and possesses a
prominent nucleolus (Fig. 2). The nucleus varies in shapes
(round, oval and multilobed), it occupies a substantial
proportion of the cells. In cells nuclear membrane is
clearly visible and separated the nucleus from cytoplasm
(Fig. 2). The pores are visible on the nuclear membrane.
The cytoplasm of both chromaffin cells, contains
numerous mitochondria, elongated, oval and rounded in
shapes, with tubular cristae, in electron opaque matrix
(Fig. 3). In most of mitochondria, the external membrane is
clearly visible and cristae extending from inner membrane
into the matrix of mitochondria (Fig. 3). Golgi complex
consists of vesicles and cisternae, is present in the
cytoplasm of chromaffin cells (Fig. 4). The granules at
different size and densities are seen in vicinity of Golgi
sacculs. The origin of the granules may be Golgi complex
with co-operation of reticulum endoplasmic. Some
microtubules in small number and parallel to each other
are present in the cytoplasm of chromaffin cells. Smooth
and rough endoplasmic reticulum are seen in different
parts of cells. There are ribosomes situated on the rough
endoplasmic reticulum

Fig. 1: Exhibiting chromaffin cells, adrenaline (A) and
noradrenaline (NA) cells. N, nucleus; n, nucleolus

Fig. 2: Exhibiting fine structure of chromaffin cell. N,
nucleus; n, nucleolus; nm, nuclear membrane; g,
granules

Fig. 3: Indicating nor adrenaline cell (NA). Mitochondria
(m) in different shapes are present in the
cytoplasm of cell. g, nor adrenaline granules
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Fig. 4: Fine structure of adrenaline cell (A) and its
organelles. Go, Golgi complex; rer, rough
endoplasmic reticulum; T, synaptic terminal; v,
synaptic vesicles; Synaptic thickening (arrow) and
secretory granules (arrow head) are present in the
synaptic terminal

and free ribosomes in the cytoplasm of cells. It is possible
to recognize of adrenaline and nor adrenaline cells from
each other with light and electron microscope. The
micrographs, which have been, provided by electron
microscopy. indicated that nor adrenaline cells are dark
whereas, adrenaline cells are light in colour (Fig. 3).
Adrenaline cell is characterized by electron-lucent large
granules, while nor adrenaline cell is characterized by
strongly electron-dense small granules (Fig. 5). In
adrenaline and nor adrenaline cells, the vesicles
containing granules, are round or oval in shape.

In C. auratus, chromaffin cells are innervating by
cholinergic nerve fibres. The nerve fibre endings
attached to the surface of the chromaffin cells. There are
three structures, in the synaptic terminal of innervating
chromaffin cells; synaptic vesicles, secretory granules
and mitochondria. Synaptic vesicles with electron lucent-
contents, 30-60 nm in diameter and secretory granules
with dense-cored vesicles, 65-110 nm in diameter, are two
types of secretory structure. Synaptic vesicles usually
clustered close to synaptic membrane, discharge their
contents including acetylcholine (as neurotransmitters) at
the synaptic thickening (called active zone) in the
presynaptic terminal into the synaptic cleft by exocytosis
(Fig. 4-6). Secretory granules usually discharge their
contents including neuropeptides in non-synaptic area of
nerve ending by exocytosis (Fig. 6). Glia cell usually is
present in the peripheral of synaptic terminal (Fig. 8). In
chromaftin cells, in addition to peripheral synaptic
terminal form, in which secretory granules release their
contents in undifferentiated regions of the terminal

Fig. 5: Indicating synaptic terminal (T) which connected
to chromaffin cell (adrenaline, A) and innervated
it. N, nucleus of adrenaline cell; v, synaptic
vesicles; m, mitochondria. Active zone in the
presynaptic (arrows) of nerve ending and
secretory granules (arrow head) are present in the
synaptic terminal

synaptic  terminal

micrograph  of
indicating that secretory granules (arrows) are
attached to terminal membrane in every area. NA,
nor adrenaline cell; g, granules of nor adrenaline
cell; T, synaptic terminal; v, sinaptic vesicle

Fig. 6: Electron

membrane, there is another form of synaptic terminal
between several chromaffin cells, which surrounded it
(Fig. 7). it seems that in this form of synaptic terminal,
secretory granules release their contents on every area of
terminal membrane. Occasionally a chromaffin cell is
supplied by several nerve endings, also nerve terminal
may be connect with more than one chromaffin cells.
There are some mitochondria in different shapes in the
synaptic terminal (Fig. 5), they play a role in nerve ending
functions.
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Fig. 7: Indicating synaptic terminal (T) surrounded by
several chromaffin cells (ch), that innervated these
cells. Secretory granules (arrows) in the synaptic
terminal. may be discharge their contents into
space between terminal membrane and chromaffin
cells in every area of cells

Fig. 8: Electron micrograph of synaptic terminal (T),
indicating that secretory granules (arrows)
discharge their contents in non specialized area of
the synaptic terminal (T). NA. nor adrenaline cell:
m, mitochondria; gl. glia cell surrounded synaptic
terminal; cm, cell membrane

DISCUSSION

In fish the homologue of mammalian adrenal cortex is
called interrenal tissue and that of the medulla is called
chromaffin tissue. The anatomy and situation of adrenal
gland of fish have been studied by researchers including
Chester-Jones and Bellamy (1964) and Withes (1992).
Synaptic terminals ultrasturally have been investigated by
Gallo et al. (1993), Scheuermann (1993) and Imagawa et al.
(1996).

Results obtained from the present investigation
indicated that in C. guratus. chromaffin tissue consists of
two kinds of different of secretory cells. adrenaline and
nor adrenaline cells. The chromaffin cells are generally
more uniform in appearance and are rounded oval in
shape. They are organized into cords or small clumps and
surrounded by nerves. connective tissue and blood
vessels. The occurrence of chromaffin cells close to the
blood vessels indicating relationship between these two
structures and also it is an evidence shows that the
chromaffin cells release their contents, catecholamine
hormones into blood circulation. Both types of cells
containing vesicles oval or rounded in shape. The
vesicles of two types of different cells possess granules
in different size and diameters. According to Cormack
(1987). the granules of one kind of cells contain adrenaline
and those of the other kind. nor adrenaline. Catecholamin
hormones adrenaline and nor adrenaline, from chromaffin
cells, are released into circulation, during different
stressful positions (Hathway et al., 1989). The presence
of numerous mitochondria in different shapes, with
tubulovesicular cristae in the cytoplasm of chromaffin
cells, probably produces the energy for activities of the
cells during synthesis of catecholamine hormones. The
existence of vesicles in different sizes and densities close
to the Golgi complex suggested that the origin of
chromaffin granules may be Golgi complex with co-
operation of rough endoplasmic reticulum. The granules
first condense in tiny microvesicles near tightly packed
rough endoplasmic reticulum. These appear to coalesce
increasing in electron density with increase in size.
Rocha et al. (2001), reported that in Brycon cephalus,
other one of as adrenaline cells, contains vesicles with
electron dense granules and the other one as adrenaline
cells contains small vesicles, with electron-lucent
granules. The frequency of synaptic connection on the
carp chromaffin, has been found by Imagawa et al. (1996).
They reported the frequency of nerve ending differed
between each portion of carp head kidney.

In C. auratus, the chromaffin cells are innervated
by cholinergic nerve fibres. Acetylcholine as a
neurotransmitter secreted by the nerve ending synapsing
on chromaffin cells, whose induces stimulation of the
cells. There are electron-lucent synaptic vesicles and
secretory granules within the presynaptic terminal. The
synaptic vesicles are clustered in vicinity of the
presynaptic membrane in the synaptic terminal and are
thought to discharge their contents into the synaptic cleft
by exocytosis. Secretory granules which are often larger
than from synaptic vesicles have been known as storage
site of peptides (neuropeptide) (Schultzberg et al.. 1987),
neuropeptides.  have also  been  known as
neurotransmitters.
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In newons forming conventional synaptic contacts,
exocytosis of synaptic vesicles thought to take place
within specialized region, associated with presynaptic
thickeming (so called active zone) (Heuster, 1989). In
contrast, exocytosis of secretory granules, more oceurs in
unspecialized areas of the terminal membrane. During
exocytosis, vesicles membrane are fused with surface of
terminal membrane in the present of Ca™ and vesicles
release their contents as acetylcholine into synaptic cleft
(Guyton, 1991), diffuse to the postsynaptic membrane
bind to receptors on the postsynaptic membrane and
change the permeability of membrane, transmitting
information between the different cells. When vesicles
diffused to terminal membrane their surfaces tear by cell
membrane and induced exocytosis. As indicated m Fig. 7,
m C. auratus chromaffin cells inmervated by more than
one synaptic terminal, this position has been found in
mammals by Tomlinson and Coupland (1990), but the
nerve ending was not found mn all clromatfin cells in
C. auratus. The existence of mitochondria within the
synaptic terminal, suggested that, they probably produce
energy for synthesis of neurotransmitters in the nerve
ending (Guyton, 1991). In conclusion, in C. auratus, as
indicated in Fig. 7, in which a synaptic terminal
surrounded by 3 chromaffin cells, secretory granules
discharge their contents in each area of terminal
membrane i unspecialized region, whereas, exocytosis of
synaptic vesicles occur in specialized area i the
presynaptic thickening.
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